A B S T R AC T
Background. Epidemiological data indicate an increasing incidence and prevalence of nephrolithiasis (NL) worldwide in the last few decades. Methods. The aim of this study was to compare the clinical and biochemical profiles of recurrent stone formers referred to a Kidney Stone Centre from March 1983 to June 1986 with the one featured by patients seen 25 years later in the same geographical area, Campania, southern Italy. Results. Idiopathic calcium stone formers made up the large majority of the patient population in both series. Those examined in 2008-11 showed higher age at the onset of NL, higher prevalence of overweight/obesity and higher urinary excretion of oxalate and phosphate compared with those seen in 1983-86. The differences in the urinary biochemical variables remained significant upon accounting for age, gender, creatinine clearance and body mass index (BMI), and were not observed in patients with primary hyperparathyroidism enrolled in the same periods. A greater prevalence of uric acid stone formers was also observed in the 2008-11 population. Conclusions. The massive epidemics of overweight/obesity and the substantial modifications of dietary habits over the last few decades in most Western countries may be the factors underlying the changing clinical and biochemical profiles of patients with recurrent NL.
I N T RO D U C T I O N
Nephrolithiasis is a common systemic disorder, with a lifetime risk exceeding 12% in men and 6% in women in industrialized countries [1] [2] [3] . Although ∼50 types of stones, most of which are extremely rare, have been recognized based on their crystalline composition [4] , oxalate and phosphate calcium salts are the most frequent crystalline components of kidney stones, accounting for nearly 80% of all removed/excreted renal calculi each year [5] . Epidemiological data indicate an increasing prevalence of nephrolithiasis (NL) worldwide in the last quarter of the 20th century. In the USA, the prevalence of NL, defined as a history of stone disease, appears to have increased among men and women as well as among blacks and whites [6, 7] . Similar findings have been reported in Asian and European countries [8, 9] . In the same time span, also the incidence of NL, defined as the occurrence of a first stone forming episode, is enhanced in many countries [2] .
As in the same period, important changes have occurred in the worldwide prevalence of obesity and in several dietary factors known to influence the risk of NL [10] [11] [12] [13] , it is conceivable that the clinical and biochemical features of this disorder may have undergone significant changes accordingly. Therefore, the aim of our study was to compare the clinical and biochemical profiles of a previously described consecutive series of patients (n = 180) with recurrent NL referred to the Kidney Stone Centre of the Department of Clinical and Experimental Medicine, Federico II University of Naples from March 1983 to June 1986 [14] with that of a new consecutive series of patients seen in the same centre 25 years later, from March 2008 to June 2011 (n = 226).
S U B J E C T S A N D M E T H O D S
The case records of both patient series were examined and note was taken of demographic, anthropometric and biochemical variables relevant to the stone-forming profile. Only patients with recurrent NL (two or more kidney stones excreted or removed in the 4 years prior to the enrolment) were included. The measurement methods for the biochemical variables in the two series are reported in Table 1 [14, 15] . To check for full comparability of the biochemical data acquired in the 1983-86 patient series with those obtained from the patients enrolled 25 years later, both urinary and blood specimens from 15 patients randomly selected from the first series, kept frozen over time (see for details at http://www. olivettiheartstudy.org), were re-analysed for all biochemical variables in the same assays with the samples from 2008-11 series, using the 2008-11 laboratory methodologies. In particular, the values of the re-analysis of urinary oxalate are reported in Table 2 and compared with those obtained in 1986-89. In general, for all the variables under investigation, the value provided by the re-analysis did not significantly deviate from the one obtained in 1983-86 (P > 0.465 in all cases by paired Student's t-test) and the difference between the two values was in all cases lower than the respective inter-assay coefficient of variation.
Diagnostic criteria
The analysis of the renal calculi was available for all patients from both series. The stones were analysed using Fourier transform infrared spectroscopy and high-resolution X-ray diffraction [14, 15] and were classified in calcium and noncalcium kidney stones based on their chemical composition [1] . Stones with a calcium oxalate content >70% and a calcium apatite content <5% were considered as calcium oxalate stones [16] . When calcium phosphate was the main constituent of stones (>50%), these were considered as calcium phosphate stones [4] . Hypercalciuria was defined as urinary calcium excretion >7.5 mmol/day in men and 6.25 mmol/day in women, or 0.1 mmol/kg/day [14, 15] . Primary hyperoxaluria was defined as urinary oxalate excretion >1140 μmol/day [14] . Enteric hyperoxaluria was defined as calcium oxalate NL with a urinary excretion of oxalic acid >502 μmol/day and an associated disorder of the small intestine or previous resection or intestinal bypass [14] . Primary hyperparathyroidism was defined as albumin-adjusted plasma calcium concentration ≥2.65 mmol/L with an intact PTH level of >3.0 pmol/L and/or as parathyroid adenoma or hyperplasia detected during surgical exploration of the neck and/or albumin-adjusted plasma calcium concentration ≥2.50 mmol/L with an elevated PTH level and without causes of secondary hyperparathyroidism [14, 17, 18] . Type I tubular acidosis was defined as a urinary pH >6 with hyperchloraemic systemic acidosis [14] . Uric acid lithiasis was defined as uric acid stones with or without gouty diathesis [14, 19] . Cystine lithiasis was defined as cystine stones with cystinuria >70 μmol/24 h [14, 20] . Infection lithiasis was defined as struvite stones [1, 14, 19, 20] . The exclusion criteria for the purpose of the present analysis were: urinary volume <450 mL/24 h [21] , hyperthyroidism (TSH serum concentration <0.1 mIU/L), creatinine clearance <0.75 mL/s/ 
O R I G I N A L A R T I C L E
S e c u l a r t r e n d i n n e p h r o l i t h i a s i s iv147 m 2 or <0.85 mL/s/m 2 for women and men, respectively, major debilitating physical illness and/or malignancy, current therapy with thiazide diuretics, ACE inhibitors, glucocorticoids or estrogens. None of the stone formers had had rickets during childhood, and none had abnormal height or bone deformity as adults. All the subjects included in the present analysis provided a written informed consent to participate in the study, which was conducted according to the Declaration of Helsinki.
Statistical analysis
Statistical analysis was performed using the SPSS-13 (SPSS Inc., Chicago, IL) statistical package. The results were expressed as mean ± standard deviation for continuous variables and as absolute ( percentage) values for discrete variables. Contingency tables, chi-square tests and analysis of variance (with Bonferroni correction for multiple comparisons) were used to test for between-group differences in non-parametric and parametric variables, respectively. Correlations among body mass index (BMI), phosphate and oxalate urinary excretion were assessed using the Spearman's non-parametric test. Logistic regression analysis was used to evaluate differences in individual variables between the two stone-forming patient series accounting for potential confounders.
R E S U LT S
We examined the case records of 406 recurrent stone formers [220 males (M), 186 females (F), mean age 39.7 ± 8.9 years]. As reported in Table 1 , the large majority of these patients were calcium stone formers (365, 89.9%, 195 M, 170 F). Among these subjects, 324 had idiopathic NL (79.8%, 181 M, 143 F) and 24 primary hyperparathyroidism (5.9%, 7 M, 17 F). Among 41 non-calcium stone formers (10.1%, 22 M, 19 F), the most frequent cluster was shown by patients with uric acid NL (25, 6.2%, 14 M, 11 F).
Calcium stone formers
A comparison of the main clinical features of the idiopathic calcium stone formers in the two series is shown in Table 2 . The patients seen in 2008-11 were older and more frequently overweight compared with those in the first series, and their age at the onset of NL was postponed on average by 5 years. They had a lower average urinary calcium excretion compared with those in the first series and accordingly the prevalence of hypercalciuria was significantly lower (51 versus 67%, P < 0.05). On the other hand, the 2008-11 series had a significantly higher urinary phosphate and oxalate excretion compared with the patients in the old series. The differences observed in the two study populations as a whole were confirmed separately in men and women. The higher urinary phosphate and oxalate excretion in the new patient series remained significant after adjustment for age, gender, BMI and the other biochemical variables reported in Table 2 .
In a combined analysis of the two patient series, reciprocal interrelations were detected between the BMI and the urinary oxalate and phosphate excretion (R 2 = 0.476, 0.397 and 0.464 for oxalate-BMI, phosphate-BMI and phosphate-oxalate respectively; P < 0.01 in all cases, Figure 1 ). These relationships were confirmed in each study group. At variance with patients with idiopathic calcium NL, the two clusters of patients with primary hyperparathyroidism included in the 1983-86 and 2008-11 series did not display any significant difference in either the anthropometric or the biochemical variables under examination (Table 3) .
Non-calcium stone formers
The prevalence of uric acid stones was significantly higher in the 2008-11 stone formers compared with that observed in the 1983-89 survey (9.3 versus 2.2%, P < 0.05). As reported in Table 3 , the clinical and biochemical profiles of the uric acid stone formers were not different in the two study populations.
The prevalence of other kidney stones and the profile of corresponding stone formers were similar in the two study populations (data not shown).
D I S C U S S I O N
The results of the comparison of two series of recurrent kidney stone formers observed 25 years apart at the Kidney Stone Centre of the Federico II University indicate that a meaningful variation in the clinical and biochemical profiles of idiopathic calcium stone formers occurred in this period. In both series, idiopathic calcium stone formers represent the large majority of the patients examined. However, the 2008-11 idiopathic calcium stone formers displayed a higher age at the onset of NL and an increased prevalence of overweight/obesity compared with those seen in 1983-86. In addition, they showed an increased urinary excretion of oxalate and phosphate and a reduced calcium excretion compared with their 1983-86 counterparts. Noteworthy is that, these biochemical and phenotypic differences were not observed in recurrent calcium stone formers with primary hyperparathyroidism concurrently examined. Both oxalate and phosphate urinary excretion play a key role in the physicochemical process involved in the formation and growth of calcium kidney stones [4, 5] . Urinary oxalate is a strong chemical promoter of kidney stone formation: small increases in urinary oxalate concentration have a major effect on calcium oxalate crystal formation and higher levels of urinary oxalate substantially increase the risk of calcium oxalate kidney stone formation [22] [23] [24] . On the other hand, urinary phosphate promotes kidney stone formation and growth by affecting the urinary salt supersaturation and the Randall's plaque biosynthesis [25] [26] [27] . Assuming that urinary phosphate excretion reflects its dietary intake in healthy adults [22] , our study results suggest a causal role of a greater dietary intake of phosphate in the observed higher urinary excretion of oxalate. It is possible that a high dietary phosphate intake causes an increased binding of calcium salts in intestinal lumen, a higher enteric absorption of soluble oxalate salts and a reduced urinary excretion of calcium [22, 28, 29] . Also, the increased prevalence of overweight/obese subjects in the 2008-11 population may have had an impact on the observed increase of urinary oxalate excretion [22, 30] . Altogether, our results point to a role for increased adiposity and for modifications in dietary habits in the observed changes in the biochemical characteristics of idiopathic recurrent calcium stone formers. The direct relationship between the BMI and the urinary excretion of both oxalate and phosphate in our study population supports this hypothesis [31] . The increased prevalence of uric acid stone formers in the 2008-11 patient series is also in keeping with this hypothesis as several observations indicate a tight relationship between uric acid NL and obesity or metabolic syndrome [1, 32, 33] . In 2008, almost half of the Italian male population and nearly one-third of the female population were overweight or obese and a progressive rise has occurred in the prevalence of this condition between 1983 and 2008. In particular, over this time span, the prevalence of overweight increased by 10.5% among men (0.42% per year) and by 4.2% among women (0.17% per year), whereas the prevalence of obesity increased by 3.6% in men (0.14% per year) and 1.4% in women (0.06% per year) [34] . The changes observed in the dietary habits of the Italians in the last few decades could have been the driving force of this phenomenon together with decreased physical activity. A number of reports focused on the progressive deviation of the Italian population from the traditional Mediterranean dietary pattern to converge towards less favourable dietary models during the last few decades [35] [36] [37] . The increased prevalence of obesity among children and adolescents [38, 39] and the overlapping risk profiles of idiopathic calcium NL observed in Italian and US adult populations further support this hypothesis.
A limitation of this study was the lack of measurement of urinary citrate and sodium excretion, two biochemical parameters relevant to the metabolic evaluation of NL. Moreover, all the stone formers examined were enrolled by a single centre, within an area characterized by a high prevalence of NL, compared with most other Italian and European regions [40] . In conclusion, our study draws attention to the impact of lifestyle and dietary pattern modifications on the main biochemical features of NL, a complex disorder needing a multidisciplinary approach for both prevention and management [41, 42] .
S U P P L E M E N TA RY D ATA
Supplementary data are available online at http://ndt. oxfordjournals.org.
CO N F L I C T O F I N T E R E S T S TAT E M E N T.
None declared
